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Description 

This invention relates to a method for process- 
ing signals, particularly for oximetric measurements 
on living human tissue, in which spurious signals 
are suppressed with respect to information signals 
and wherein 

- said spurious signals lie in a first frequency 
range, 

- said information signals are multiplexed sig- 
nals having pulse trains lying in a second 
frequency range which is higher than said 
first frequency range, 

- said signals are conducted over a high-pass 
filter having essentially a blocking character- 
istic in said first frequency range and having 
essentially a transmission characteristic in 
said second frequency range, 

- an output signal of said high-pass filter being 
further processed. 

It is well-known in the art to perform measure- 
ments of various physical quantities by using de- 
tectors to convert the physical quantity into elec- 
trical voltages. However, when processing the elec- 
trical signal, derived from such detectors, one has 
to take into account that the information signals, i.e. 
the signals representing the desired physical quan- 
tities, are mostly superimposed by spurious signals 
coming from various sources. The effect of spur- 
ious signals becomes more important, the more the 
sensitivity of the measuring circuitry is enhanced. 
Typical examples for spurious signals are drift sig- 
nals, i.e., low-frequency aberrations being gener- 
ated by thermal effects, by slow alterations of sup- 
ply voltages etc. 

When the frequency of such spurious signals is 
different from the frequency of the information sig- 
nals, one can easily suppress the spurious signals 
by inserting filter circuits into the measuring cir- 
cuitry which have a blocking characteristic in the 
frequency range of the spurious signals and which 
have a transmission characteristic in the frequency 
range of the information signals. 

In the field of oximetric measurements on living 
human tissue, it is known to use photoelectric 
probe heads exhibiting a plurality of light-emitting 
elements, e.g., light-emitting diodes (LEDs) which 
are tuned to different wavelengths so that light 
beams of different wavelength may be emitted on 
the human tissue under investigation. The light 
beams, having penetrated the tissue, are then di- 
rected on a photo-sensitive device which converts 
the impinging light beams into electrical signals. 

However, when performing such measure- 
ments, one potential source of spurious signals is 
the ambient light at the location where the mea- 
surement is performed. Considering that human 
tissue is partially transparent to light, it can easily 



be understood that the photo-sensitive device used 
in oximetric measurements is not only subject to 
the light beams, generated by the light-emitting 
elements, but also to ambient light, be it generated 

5 by electric lamps or be it natural day-light. Ambient 
light may vary in amplitude during the time where 
the measurement is performed so that the photo- 
sensitive device will detect a mixture of slowly 
varying ambient light and of the light beams gen- 

w erated by the light-emitting elements. 

In order to overcome these deficiencies, it is 
well-known in the art to use multiplex techniques. 
For this purpose, pulse trains are generated, being 
composed of individual pulses, each of which is 

75 generated by a light-emitting element and, thus, 
corresponds to a light beam of different 
wavelength. One can, for example, use pulse trains 
having three individual pulses corresponding to 
short light pulses of three different wavelengths. 

20 One can, further, timely separate the pulse trains 
by a short break, during which no light is emitted 
so that the electrical signal, generated by the 
photo-sensitive device during such break, is only 
dependent on ambient light. 

25 As long as the influence of ambient light is 
constant, one can easily measure an offset-value 
corresponding to the electrical signal during the 
break and can subtract the offset-value from any 
succeeding electrical signals received when the 

30 pulse trains appear. Such offset compensation is, 
however, only effective if the influence of ambient 
light is constant within the desired precision of 
measurement. 

However, in most cases, this is not true, as the 

35 influence of ambient light varies with time and can, 
therefore, not be compensated by simple subtrac- 
tion measures. 

Therefore, one has tried to overcome these 
problems by inserting appropriate filter circuitry 

40 into the signal path behind the photo-sensitive ele- 
ment. Considering that the pulse frequency is rela- 
tively high, i.e., in the order of magnitude of several 
hundred cps, and considering, further, that the vari- 
ation of ambient light is in the order of a few cps, 

45 one has used high-pass filter circuits to suppress 
spurious signals generated by the variation of am- 
bient light. 

However, due to the fact that all filters have a 
frequency characteristic influencing frequency 

so bands lying octaves away, inserting a high-pass 
filter into the signal path of an oximeter would 
result in a distortion of the information signal even 
if the frequency of the information signals is sev- 
eral orders of magnitude away from the spurious 

55 signal frequency. This holds true the more the 
sensitivity of the oximetric system is to be en- 
hanced, which requires a high-precision amplitude 
measurement of the light pulses received by the 
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photo-sensitive element. 

It is, therefore an object of the present inven- 
tion to improve the method mentioned above by 
effectively suppressing spurious signals, and con- 
currently, preserving the precision of high-sensitiv- 
ity measurements. 

According to the present invention, this object 
is achieved by the following steps: 
( - determining a first square matrix which repre- 
sents the inverted deviation of the frequency 
response of the high-pass filter in the second 
frequency range from an ideal transmission 
characteristic, 

- said first square matrix having a number of 
lines and columns being equal to the num- 
ber of pulses of said pulse trains, 

- representing said output signal as a second 
matrix of amplitudes of pulses of pulse trains 
appearing at the output of the high-pass filter, 
and 

- multiplying said first and second matrices 
with each other to generate a third matrix of 
amplitudes of pulses of pulse trains of a 
weighted output signal. 

The object of the invention is, thus, completely 
achieved, as all distortions, generated by the filter, 
are fully eliminated. This is because the signal 
which appears at the output of the filter is elec- 
trically processed exactly the opposite way as was 
the case in the filter with respect to the distorting 
characteristic from the spurious signal frequency 
range still being effective in the information fre- 
quency range. 

Therefore, irrespective of what these additional 
effects are and how effective they may be, the 
distorting effects are fully compensated for by us- 
ing an inverted characteristic and applying such 
characteristic to the signal at the output of the filter. 

As explained above, the invention can advanta- 
geously be used for all measurements where spur- 
ious signals appear in the low-frequency range, as 
is the case with thermal variations, long-term vari- 
ations of supply voltages and, most important, in 
the case of measurements using light beams in the 
presence of varying ambient light. 

One further major advantage of the invention is 
that one can easily perform matrix operations by 
using digital electronics to convert incoming signals 
into weighted output signals. Once the first function 
representing the deviation of the frequency re- 
sponse of the filter in the second frequency ranges 
known, one can easily convert the first function into 
a matrix, store such matrix in an electronic memory 
and perform weighting operations on the incoming 
measuring signal by transforming the pulse train 
signals into a matrix and multiplying this matrix 
with the one matrix stored in the memory. 



According to a preferred embodiment of the 
invention, one can determine coefficients of the 
first matrix in that a number of test pulse trains of a 
predetermined first amplitude is fed to said high- 

5 pass filter, said number of test pulse trains as well 
as the number of test pulses of each of said test 
pulse trains corresponding to said number of lines 
and columns of said first matrix, second amplitudes 
of pulses appearing at said output of said high- 

w pass filter in response to said test pulses being 
measured, and said coefficients being determined 
by dividing a fourth matrix defined from said first 
amplitudes by a fifth matrix defined from said sec- 
ond amplitudes. 

75 This embodiment of the invention has the par- 
ticular advantage of allowing to determine the first 
function representing the deviation of the frequence 
response of the filter in the second frequency 
range by once testing the filter with test pulse 

20 trains of known amplitudes. When applying the test 
pulse trains on the filter in the absence of any 
spurious effects, one can, thus, determine the char- 
acteristic of the filter as a matrix of coefficients in 
order to then perform the afore-explained oper- 

25 ations on incoming measuring signals during actual 
measurements. 

According to a further preferred embodiment of 
the invention, the test pulse trains exhibit each one 
pulse having a high first amplitude, the other 

30 pulses having low first amplitudes. 

When doing so, one can enhance the precision 
of succeeding matrix calculations and one can ob- 
tain matrices of diagonal form which, further, en- 
hance the precision of measurements and reduce 

35 the expenditures of weighting operations. 

According to a further embodiment of the in- 
vention, one can decrease the principal diagonal 
coefficients of said first matrix by unity, factor out 
the value of a n-th power of two, and digitally 

40 multiply said second matrix by said first matrix 
using digital words having a number of bits smaller 
than n. 

These measures allow to reduce the amount of 
operations on the measured signal. If, e.g., the 

45 matrix coefficients are processed with a precision 
of 16 bits, the multiplication of matrices would 
require nine multiplying operations in 16 x 16 bit 
technology or thirtysix operations in 8 x 8 bit tech- 
nology, respectively. However, when proceeding 

50 according to the afore-mentioned embodiment of 
the invention, one can reduce these operations to 
one half, i.e. to nine operations in 8 x 16 bit 
technology or eighteen operations in 8 x 8 bit 
technology. In practical examples, one has found 

55 that in spite of this drastic reduction in operations, 
the residual error is negligible, because it is smaller 
than 10" 3 . 
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According to another embodiment of the inven- 
tion, one can, alternately, standardize the principal 
diagonal coefficients of said first matrix on unity, 
then, again, factor out the value of a n-th power of 
two, and digitally multiply said second matrix by 
said first matrix using digital words having a num- 
ber of bits smaller than n. 

This embodiment of the invention, too, has the 
particular advantage of reducing the number and 
extent of operations, necessary to process the sig- 
nal from the output of the high-pass filter. Making 
again reference to the above-mentioned example 
with the necessity of performing nine multiplica- 
tions in 16 x 16 bit technology without the particu- 
lar measures of the embodiment of the invention, 
one can achieve a reduction to six operations in 8 x 
16 bit technology or twelve operations in 8 x 8 bit 
technology, respectively. 

According to a further embodiment of the in- 
vention, one can weight an offset-value by said first 
matrix, having its principal diagonal coefficients 
standardized to unity to generate a sixth matrix of 
correction values, said correction values being sub- 
tracted from said weighted signals generated from 
pulse trains exhibiting said offset-value. 

This embodiment of the invention has the par- 
ticular advantage of avoiding bipolar operations. If 
the offset-value of constant amplitude were com- 
pensated for at the input of the high-pass filter, the 
distortion, generated by the high-pass filter, could 
result in negative polarities of output signals which, 
again, would generate the necessity of performing 
bipolar operations on the output signal of the high- 
pass filter. In contrast, the afore-mentioned mea- 
sures of this particular embodiment of the invention 
allows to compensate for constant offset-values at 
the output of the high-pass filter by introducing a 
correction operation in which the constant offset- 
value, too, is weighted by the transmission char- 
acteristic of the high-pass filter. 

Although the present invention may be applied 
in various fields of measuring technology, it is 
particularly preferred to use the invention in the 
field of oximetric measurements on living human 
tissue. In that case, one preferably uses a plurality 
of light-emitting elements sending in timely spaced 
relationship first pulsed light beams of different 
wavelength on a living human tissue supplied with 
blood, second light beams having passed said tis- 
sue being guided on a light-receiving element, said 
light-receiving element generating said multiplexed 
signal. 

Thus, the invention allows to use all of the 
afore-mentioned advantages in connection with ox- 
imetric measurements so that the oxygen satura- 
tion of blood may be measured on a patient with 
unparalleled precision, because one can effectively 
eliminate all measuring errors generated by spur- 



ious signals, particularly by slowly varying ambient 
light. 

Further advantages of the invention will be- 
come apparent from the description of embodi- 

5 ments as well as from the accompanying drawings. 
It goes, further, without saying that all of the afore- 
mentioned elements may be used separately or in 
other combinations as expressedly mentioned with- 
out deviating from the scope of the present inven- 

w tion. 

In the following description of embodiments, 
the invention is illustrated by means of the draw- 
ings, in which 
Figure 1 

75 shows a measuring detector applied to a finger 
of a patient for performing oximetric measure- 
ments of the finger tissue; 
Figure 2 

is a schematic block diagram of an oximetric 
20 measuring instrument; 
Figure 3 

is a schematic representation of a signal voltage 
vs. time appearing at the output of a photo- 
sensitive element as used in the block diagram 
25 of Figure 2; 
Figure 4 

is a voltage vs. time diagram corresponding to 
an information signal and a spurious signal, re- 
spectively; 
30 Figure 5 

is a diagram, similar to that of Figure 4, showing 
the resulting signal in which the information sig- 
nal and the spurious signal are mixed; 
Figure 6 

35 is a transmission coefficient vs. frequency dia- 
gram showing the frequency range of spurious 
signals as become effective in oximetric mea- 
surements as well as a characteristic of a high- 
pass filter; 

ao Figure 7 

is a schematic representation of a pulse train 
signal as affected when being guided over a 
high-pass filter; 
Figures 8 through 10 

45 show test pulse trains as used for determining 
the transmission characteristics of a high-pass 
filter according to the invention; 
Figure 11 

shows a schematic representation of a memory 
so cell in which a digital word is stored. 

The invention is, further, illustrated by means 
of various formula (1) through (18) also represented 
in the drawing and further explained in the follow- 
ing description of embodiments. 
55 As already explained hereinbefore, the present 
invention may be used for a wide range of measur- 
ing problems. However, for the sake of clarity, the 
following description of embodiments makes refer- 
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ence to oximetric measurements on human tissue 
supplied with blood. 

Oximetric measurements of this kind are per- 
formed in order to determine the saturation of 
oxygen within the blood of a patient. It is well- 
known in the art to evaluate the oxygen supply in 
the circulation of a patient by determining the 
amount of the patient's hemoglobin, carrying 
chemically bound oxygen molecules compared to 
the amount of the total patient hemoglobin as a 
percentage. 

Common techniques use light beams emitted 
on the patient's tissue, e.g. on the finger of a 
patient, where the light beam penetrates a part of 
the patient's tissue either in a transmission or a 
reflection mode. By measuring the light absorption 
for various wavelengths in the visible and the in- 
frared range, one can calculate transmission or 
reflection characteristics and, thus, determine the 
oxygen saturation. 

Referring now to Figure 1 , 1 designates a fin- 
ger of a patient under investigation. A pick-up 2 is 
provided with a plurality of light-emitting elements 
3, one of which being shown in Figure 1 by means 
of example. The light-emitting elements 3 can be 
made as light-emitting diodes or any other com- 
parable elements, capable of emitting light within 
the visible and the infrared range. The elements 3 
are designed such to emit light of different 
wavelengths. 

The pick-up 2 is, further, provided with one or 
more light-receiving elements 4, e.g. a photo-sen- 
sitive transistor. 

A cable 5 is provided for feeding both the light- 
emitting elements 3 as well as the light-receiving 
element or elements 4 with electrical energy and 
for feeding signals to and from the pick-up 2. 

When the pick-up 2 is pressed to the patient's 
finger 1 and appropriate control signals are fed to 
the pick-up 2 via cable 5, first beams of light 6 are 
emitted on the patient's tissue, designated by refer- 
ence numeral 7. The hemoglobin in the patient's 
tissue 7 is shown at 8. When the first light beams 6 
impinge on hemoglobin 8, a second beam of light 
is reflected onto light-receiving element or ele- 
ments 4. An appropriate electrical signal is then 
generated and transmitted via cable 5 to an elec- 
tronic circuitry, not shown in Figure 1 . 

According to the amount of hemoglobin 8, be- 
ing chemically bound to oxygen molecules or not, 
the first beams of light 6 are more or less absorbed 
by hemoglobin 8 and, thus, the second beams of 
light 9 vary in amplitude depending on the amount 
of oxygen saturation of hemoglobin 8 and, further, 
depending on the particular wavelength used. 

Figure 2 shows a block diagram of an oximetric 
measuring circuit, indicated as a whole at 10. 11 
designates a pulse generator, delivering control 



pulses to a multiplexer 12. The multiplexor 12 is 
used to generate pulse patterns in order to activate 
light-emitting elements 3a, 3b, and 3c, respectively. 
The wavelength of the light beams, emitted by 

5 light-emitting elements 3a, 3b, and 3c are des- 
ignated by Xi, \2 and Xa, respectively. 

After having passed through the patient's tis- 
sue, schematically designated at 7 in Figure 2, the 
light beams impinge on light-receiving element 4, 

70 being represented as a photo-sensitive transistor in 
Figure 2. The output signal of light-receiving ele- 
ment 4 is designated as U. 

Voltage U is then fed to a high-pass filter 14, 
the output signal of which is designated by L. In a 

75 specific mode of operation, high-pass filter 14 may 
be bypassed by closing a switch 15, as will be 
explained below. Output signal L is then fed to an 
evaluation circuit, indicated at 16. 

The purpose of circuitry 10 of Figure 2 is to 

20 generate light pulses by activating light-emitting 
elements 3a, 3b, and 3c, respectively, in timely 
spaced relationship, i.e. by activating the said ele- 
ments one after the other. Thus, pulse trains of 
light beams with varying amplitude and varying 

25 wavelength are generated and received in light- 
receiving element 4 after having passed through 
tissue 7. However, when performing such measure- 
ments, light-receiving element 4 is, further, sub- 
jected to ambient light, schematically indicated at 

30 17. Thus, output signal U is a mixture of informa- 
tion signals, i.e. absorption response of tissue 7 
with respect to the light pulses emitted from light- 
emitting elements 3a through 3c and spurious sig- 
nals as generated by ambient light 17. The pur- 

35 pose of high-pass filter 14 and evaluation circuit 16 
in combination with switch 15 is to eliminate any 
error signals generated by ambient light 17, as will 
now be described in further detail. 

Figure 3 shows a voltage vs. time characteristic 

40 of a signal 20 as appearing at the output of light- 
receiving element 4. As can easily be seen from 
Figure 3, signal 20 is a mixture of an information 
signal 21 shaped as pulse trains and a spurious 
signal 22 having the shape of a slowly varying 

45 background signal. 

Referring now to Figure 4, one can see the 
information signal 21 in a somewhat larger scale. 
Information signal 21 consists of a pulse train 23' in 
which a break is followed by three pulses having 

50 voltage amplitudes of Ui, lb, and Ua, respectively. 
In the break preceding the three pulses, an offset- 
value Uo is measurent, and the subsequent voltage 
amplitudes Ui, lb, and U3 are measured with 
respect to offset-value U 0 

55 Pulse train 23' of Figure 4 would represent an 

ideal signal in the absence of spurious signal 22. 

However, when considering the mixture of the 
two afore-mentioned signals, one would come to a 
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representation as shown in Figure 5 where 23 
indicates a real pulse train as actually measured in 
the presence of spurious signal 22. 

As can easily be seen from Figure 5, pulse 
train 23 is distorted with respect to the idea! pulse 
train 23' of Figure 4 in that deviation signals di , d 2 , 
and d3 must be taken into account when measuring 
the actual voltage amplitude of the pulses of pulse 
train 23. If spurious signal 22 has a stochastic 
amplitude vs. time characteristic, it is not possible 
to eliminate deviation values di through d3 by 
using extrapolation techniques. 

However, considering that in the case of low- 
frequency spurious signals the frequency range of 
the spurious signals is orders of magnitude lower 
than the frequency range of the. information signals, 
one can use a frequency band separation tech- 
nique. 

Figure 6 is a transmission factor vs. frequency 
diagram in which 30 represents a high-pass filter 
characteristic. 31 designates the filter attenuation in 
the blocking band whereas 32 designates the filter 
transmission in the transmission band. 33 indicates 
frequency f L of the pulses used for pulse trains 23. 

In contrast, 36 designates the spectral distribu- 
tion of spurious signals as occurring during ox- 
imetric measurements in the presence of ambient 
light. As one can clearly see from Figure 6, the 
frequency range of the spurious signals is different 
from the frequency range of transmission band 32 
of high-pass filter 14. In a practical example, spur- 
ious signals occur in a frequency band below 5 cps 
whereas frequency f L of pulse trains 23 may be set 
to be 400 cps up to several thousand cps. 

However, in practice a strict separation be- 
tween blocking band and transmission band of a 
high-pass filter cannot be achieved. As a result, the 
attenuating behaviour of a high-pass filter in its 
blocking range becomes also effective in its trans- 
mission band, as indicated by a dash-dot-line in 
Figure 6. 

The result of such practical behaviour of high- 
pass filters is depicted in Figure 7. 

The left upper corner of Figure 7 shows an 
ideal pulse train 23a composed of pulse signals Si , 
S2, and S3. When pulse train 23a is subjected to 
high-pass filter 14, as indicated by arrow 40 in 
Figure 7, an output signal L is generated having the 
shape of pulse train 23b in the right upper corner 
of Figure 7 with pulse signals Li, U, and U, 
respectively. 

The conversion of pulse train 23a into pulse 
train 23b corresponds to the frequency response of 
high-pass filter 14. In other words, if the conversion 
characteristic of high-pass filter 14 is known, one 
can re-convert pulse train 23b by electronic ma- 
nipulation as indicated by arrows 41 in Figure 7 in 
order to re-transform distorted pulse train 23b into 



ideal pulse train 23a. 

In order to do so, one can write down the 
conversion of distorted pulse train 23b into ideal 
pulse train 23a as a system of equations (1) in 

5 which signals Si, $2, and S 3 are calculated from 
pulse signals U, U, and U, respectively, by using 
coefficients a jk . In other words, a matrix of signals 
S may be determined by multiplying a matrix of 
signals L by a matrix A according to equation (2) 

10 where matrix A is written down with its coefficients 

Thus, ideal signals S may be determined as a 
matrix S as shown in equation (3). 

In order to perform the conversion as explained 
75 before, one has first to determine matrix A accord- 
ing to equation (2). 

In order to do so, one can use a technique in 
which test pulse trains are applied to the input of 
high-pass filter 14 in the Figure 2 circuit in two 
20 operational modes, the first of which having switch 
15 open and the second of which having switch 15 
closed. 

To do so, test pulse trains may be used as 
shown in Figures 8 through 10. 

25 A first test pulse train 50 as shown in Figure 8 
has a first pulse 50a of a high amplitude suc- 
ceeded by two further pulse trains 50b and 50c of 
lower but different amplitudes, respectively. A sec- 
ond test pulse train as shown in Figure 9 has a first 

30 low-amplitude pulse 51a, a second high-amplitude 
pulse 51b, and a third low-amplitude pulse 51c. 
Finally, a third test pulse train as shown in Figure 
10 has a first low-amplitude pulse 52a, a second 
low-amplitude pulse 52b, and a third high-ampli- 

35 tude pulse 52c. 

The reason for using test pulse trains 50 
through 52 with one high-amplitude pulse and two 
low-amplitude pulses each, is to enhance the preci- 
sion in the determination of matrix A. 

40 Having performed the afore-mentioned oper- 
ations, one has three matrix equations in which the 
undistorted signal (switch 15 closed) is depending 
on the distorted signal (switch 15 opened). 

This matrix equation system as written down in 

45 equation (4) may be reduced to one S-matrix and 
one L-matrix as written down in equations (5) and 
(6), respectively. In equations (5) and (6), respec- 
tively, numerical values are given as an example 
for one practical application where a standard com- 

50 mercial oximetric measuring system Sa0 2 -Clover D 
of the applicant was used in connection with a 
second order high-pass filter having a cut-off fre- 
quency of 30 cps. The S-matrix numerical values 
were achieved with the high-pass filter 14 by- 

55 passed whereas the L-matrix numerical values 
were measured with the high-pass filter inserted 
into the circuitry. 
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The A-matrix may be determined from the S- 
and the L-matrix, respectively, by dividing the S- 
matrix by the L-matrix. Considering the numerical 
values as written down in equations (5) and (6), 
respectively, one comes to the numerical values for 
the A-matrix as written down in equation (7). 

As one can easily see from equation (7), this 
matrix is to a high degree diagonal, because its 
principal diagonal coefficients an, a22, and a 33l 
respectively, are almost exactly equal to unity. This 
is because in view of the great distance between 
the respective frequency bands of the spurious 
signals and the information signals, the amplitudes 
of distorted signals L are at a first glance equal to 
the amplitudes of undistorted signals S. 

In a practical test, one has applied the A-matrix 
according to equation (7) to operational pulse trains 
of the oximetric system used and has found that 
the accuracy of the coefficients as written down in 
equation (7) is better than 10~ 3 and, thus, is below 
the noise level of the particular system used. 

When performing matrix division on the values 
as written down in equations (5) and (6), respec- 
tively, one has to perform nine multiplications in 16 
x 16 bit technology considering that the principal 
diagonal coefficients of equations (5) and (6) have 
five decimal digits. 

In order to reduce the necessary operations, 
one may recall that the A-matrix of equation (7) is 
highly diagonal as again represented in equation 

(8) where the principal diagonal coefficients are 
said to be unity and all coefficients of the upper 
half are negative and all coefficients of the lower 
half are positive. 

In view of the symmetry of the A-matrix, one 
can make a modification on this matrix by creating 
a modified matrix Eps as written down in equation 

(9) . Matrix Eps is determined by subtracting a unity 
matrix from matrix A. 

The signal matrix S may now be written as 
equation (10) by combining equations (1) and (9). 

Factoring now out powers of two, namely 2 s 
and 2 3 , one can write a one-Byte coefficient matrix 
C as shown in equation (11). As a result, the 
coefficients used for the necessary matrix division 
as explained above with respect to equations (5) 
through (7) are reduced to one-Byte coefficients 
having a maximum of three decimal digits, as can 
be seen in equation (1 1 ). 

Figure 1 1 shows a digital word 60 in schematic 
representation as forming part of a digital memory 
or a central processing unit (CPU) of a microcom- 
puter signal processing unit. 

As one can see from Figure 1 1 , one can easily 
incorporate an 8-bit word into a 16-bit memory by 
placing the 8-bit word (one Byte) into memory 
positions "5" through n 12 n , leaving positions 0 
through 4 blank and inserting zero values into 



positions "13" through "15". Thus, a ± 2 -12 preci- 
sion may be achieved. 

Thus, all coefficients may be stored in one 
Byte (8-bit) with a precision of ± 2~ 12 or 0,25 %o, 

5 respectively. Thus, instead of making nine mul- 
tiplications in 16 x 16 bit technology or thirtysix 
multiplications in 8 x 8 bit MUL technology, as 
explained above, it would be sufficient to make 
nine multiplications in 8 x 16 bit technology or 

w eighteen multiplications in 8 x 8 MUL 8-bit technol- 
ogy, respectively. 

A further reduction in the amount of operations 
may be achieved by standardizing the principal 
diagonal coefficients an, a22, and a33, respec- 

75 tively, to unity. This may be achieved by dividing 
the respective lines of the A-matrix by ai 1 , a22, and 
aaa, respectively, as written down in equation (12). 

When using the same steps as explained 
above with respect to equation (11), one can obtain 

20 a modified 8-bit matrix C as written down in equa- 
tion (13). As one can easily see by comparing 
equations (11) and (13), the principal diagonal ele- 
ments of 8-bit matrix C* are now ail zero which 
again reduces the amount of operations to six 

25 multiplications in 8 x 16 bit technology or twelve 
multiplications in 8 x 8 MUL 8-bit technology, re- 
spectively. 

This can easily be acknowledged when writing 
down the respective equations for signals Si, S2, 

30 and S3, respectively, as can be seen in equation 
(14). In equation (14) signals Si, S2, and S 3 are 
determined from amplitudes Li. L 2 , and L$ by 
various multiplication and addition/subtraction oper- 
ations with various coefficients of the A* and C* 

35 matrix as written down in equations (12) and (13), 
respectively. 

Another aspect of the present invention is to 
further eliminate offset of pulse amplitudes appear- 
ing at the output of light-receiving device 4 which 

40 may not be generated by ambient effects but rath- 
er by light-receiving elements for themselves. 

In principle, one could subtract an appropriate 
offset-value from the signals appearing at the out- 
put of light-receiving elements 4 which, however, 

45 could result in negative polarity signals at the out- 
put of high-pass filter 4 considering e.g. signals L 
of Figure 7 exhibiting undershoot effects at trailing 
edges of pulses Li , L2, and L3, respectively. 

In order to avoid bipolar operations in evalu- 

50 ation circuit 16, one can introduce correction values 
COR1, COR 2 , and COR3, respectively, as written 
down in equation (15). 

Equations (15) are derived under the assump- 
tion that a constant offset-value H appears at the 

55 output of light-receiving elements 4 and using a 
signal processing as explained above with respect 
to equations (12) and (13), respectively. 
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Under the assumption of equation (16), one 
can write a correction value matrix COR as written 
down in equation (17) where correction values 
COR.1, COR2, and COR 3 , respectively, may be 
calculated from constant offset-value H by using 
the a lk *coefficients of the modified A* matrix of 
equation (12). 

Combining equations (14) and (17), one comes 
to equation (18) showing ideal signals Si, S2, and 
S3, respectively, as calculated from distorted sig- 
nals l_r, b', and U\ respectively, where the apos- 
trophe was added to indicate that distorted signals 
Li\ l_2\ and U' were measured in the presence of 
a constant value offset H. 

Thus, additional offset-effects may be com- 
pensated for as generated, e.g., by the light-receiv- 
ing elements 4 without the necessity of introducing 
bipolar operations during further signal processing 
in evaluation circuit 1 6. 

Claims 

1. Method for processing signals (20), particularly 
for oximetric measurements on living human 
tissue (7), in which spurious signals (22) are 
suppressed with respect to information signals 
(21) and wherein 

(1.1) said spurious signals (22) lie in a first 
frequency range (36), 

(1.2) said information signals (21) are mul- 
tiplexed signals having pulse trains (23') ly- 
ing in a second frequency range (33) which 
is higher than said first frequency range 
(36), 

(1.3) said signals (20) are conducted over a 
high-pass filter (14) having essentially a 
blocking characteristic in said first frequen- 
cy range (36) and having essentially a 
transmission characteristic in said second 
frequency range (33), 

(1.4) an output signal of said high-pass filter 
(14) being further processed, 
characterized by the steps of 

(1.5) determining a first square matrix (A) 
which represents the inverted deviation of 
the frequency response of said high-pass 
filter (14) in said second frequency range 
(33) from an ideal transmission characteris- 
tic, 

(1.5.1) said first square matrix (A) having 
a number of lines and columns being 
equal to the number of pulses of said 
pulse trains (23'), 

(1.6) representing said output signal as a 
second matrix (L) of amplitudes (Li ,L2,U) of 
pulses of pulse trains (23b) appearing at the 
output of said high-pass filter (14), 



(1.7) multiplying said first (A) and second 
(L) matrices with each other to generate a 
third matrix (S) of amplitudes (S1.S2.S3) of 
pulses of pulse trains (23a) of a weighted 
5 output signal. 

2. Method according to claim 1, characterized by 
determining coefficients (a tk ) of said first 
square matrix (A) in that a number of test 

10 pulse trains (50,51 ,52) of a predetermined first 

amplitude is fed to said high-pass filter (14), 
said number of test pulse trains (50,51,52) as 
well as the number of test pulses (50a- 
50c;51a-51c;52a-52c) of each of said test pulse 

75 trains (50,51 ,52) corresponding to said number 

of lines and columns of said first matrix (A), 
second amplitudes of pulses appearing at the 
output of said high-pass filter (14) in response 
to said test pulses (50a-50c;51a-51c;52a-52c) 

20 being measured, and said coefficients (a lk ) be- 

ing determined by dividing a fourth matrix de- 
fined from said first amplitudes by a fifth ma- 
trix defined from said second amplitudes. 

25 3. The method of claim 2, characterized by said 
test pulse trains (50,51,52) exhibiting each one 
pulse <50a,51b,52c) having a high first am- 
plitude, the other pulses (50b,50c,51a,51c,52a,- 
52b) having low first amplitudes. 

30 

4. The method of any of claims 1 through 3, 
characterized by decreasing the principle diag- 
onal coefficients (an ,a22,as3) of said first ma- 
trix (A) by unity, factoring out the value of an 
35 n-th power of two, and digitally multiplying said 

second matrix (L) by said first matrix (A) using 
digital words having a number of bits smaller 
than n. 

40 5. The method of any of claims 1 through 3, 
characterized by standardizing the principle di- 
agonal coefficients (an, 822^33) of said first 
matrix (A) on unity, factoring out the value of n- 
th power of two, and digitally multiplying said 

45 second matrix (L) by said first matrix (A) using 

digital words having a number of bits smaller 
than n. 

6. The method of claim 5, characterized by 
50 weighting an offset-value (H) by said first ma- 

trix (A) having its principle diagonal coefficients 
(aii,a22,a33) standardized to unity to generate 
a sixth matrix (COR) of correction values 
(COR1.COR2.COR3), said correction values 
55 (COR1.COR2.COR3) being subtracted from 

said weighted signals (S1.S2.S3) generated 
from pulse trains (23) exhibiting said offset- 
value (H). 
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7. The method of any of claims 1 through 6, 
characterized by a plurality of light-emitting 
elements (3) sending in timely spaced relation- 
ship first pulsed light beams (6) of different 
wavelength (X) on a living human tissue (9) 
supplied with blood, second light beams (8) 
having passed said tissue (9) being guided on 
a light-receiving element (4), said light-receiv- 
ing element (4) generating said multiplexed 
signal. 

Patentanspriiche 

1. Verfahren zur Verarbeitung Von Signalen (20), 
insbesondere fGr oximetrische Messungen am 
lebenden menschlichen Gewebe (7), bei dem 
StSrsignale (22) in bezug auf Nutzsignale (21) 
unterdrUckt werden und wobei 

(1.1) die Storsignale (22) in einem ersten 
Frequenzbereich (36) liegen, 

(1.2) die Nutzsignale (21) gemultiplexte Si- 
gnale sind, die Impulsfolgen (23') umfassen, 
die in einem zweiten Frequenzbereich (33) 
liegen, der hoher ist als der erste Frequenz- 
bereich (36), 

(1 .3) die Signale (20) uber ein HochpaBfilter 
(14) gefOhrt werden, das im wesentlichen in 
dem ersten Frequenzbereich (36) eine 
Sperrcharakteristik aufweist und in dem 
zweiten Frequenzbereich (33) eine Durch- 
laBcharakteristik, 

(1.4) ein Ausgangssignal des HochpaBfilters 
(14) weiter verarbeitet wird, 
gekennzeichnet durch folgende Schritte: 

(1 .5) Eine erste quadratische Matrix (A), die 
die invertierte Abweichung der Frequenzant- 
wort des HochpaBfilters (14) in dem zweiten 
Frequenzbereich (33) von einer idealen 
Obertragungscharakteristik darstellt, wird 
bestimmt, 

(1.5.1) wobei die erste quadratische Ma- 
trix (A) eine Anzahl von Zeilen und Spal- 
ten aufweist, die der Anzahl der Impulse 
in den Impulsfolgen (23*) gleich ist, 

(1.6) das Ausgangssignal wird als eine zwei- 
te Matrix (L) von Amplituden (l_1.L2.L3) der 
Impulse in den Impulsfolgen (23b), die am 
Ausgang des HochpaBfilters (14) auftreten, 
dargestellt, 

(1.7) die erste (A) und zweite (L) Matrix 
werden miteinander multipiiziert, um eine 
dritte Matrix (S) von Amplituden (S1.S2.S3) 
von Impulsen in den Impulsfolgen (23a) ei- 
nes gewichteten Ausgangssignals zu gene- 
rieren. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Koeffizienten (am) der ersten 
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quadratischen Matrix (A) dadurch bestimmt 
werden, daB eine Anzahl von Test- Impulsfol- 
gen (50,51 ,52) von vorbestimmter erster Ampli- 
tude zu dem HochpaBfilter (14) gefOhrt wird. 
wobei die Anzahl der Test-lmpulsfoigen 
(50.51,52) ebenso wie die Anzahl der Testim- 
pulse (50a-50c;51a-51c;52a-52c) jeder der 
Test-lmpulsfolgen (50,51,52) der Anzahl der 
Zeilen und Spalten der ersten Matrix (A) ent- 
sprechen, und wobei zweite Amplituden von 
Impulsen am Ausgang des HochpaBfilters (14) 
als Antwort auf zu messende Testimpulse 
(50a-50c;51a-51c;52a-52c) erscheinen, und wo- 
bei die Koeffizienten (a rk ) durch die Division 
einer vierten Matrix, die durch die ersten Am- 
plituden definiert ist, durch eine fOnfte Matrix, 
die durch die zweiten Amplituden definiert ist, 
bestimmt werden. 



3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daB die Test-lmpulsfolgen (50,51,52) 
jeweils einen Impuls (50a,51b,52c) mit einer 
hohen ersten Amplitude aufweisen, wobei die 
anderen Impulse (50b,50c,51 a,51 c,52a,52b) 

25 niedrige erste Amplituden aufweisen. 

4. Verfahren nach einem der AnsprUche 1 bis 3, 
dadurch gekennzeichnet, daB die diagonalen 
Hauptkoeffizienten (ai 1,822, Q33) der ersten Ma- 

30 trix (A) um Eins vermindert werden, daB der 

Wert einer n-ten Potenz von Zwei ausgeklam- 
mert wird, und daB die zweite Matrix (L) mit 
der ersten Matrix (A) digital multipiiziert wird. 
indem digitale Worte mit einer Anzahl von Bits, 

35 die kleiner als n ist, verwendet werden. 

5. Verfahren nach einem der AnsprUche 1 bis 3. 
dadurch gekennzeichnet, daB die diagonalen 
Hauptkoeffizienten (a11.a22.a33) der ersten Ma- 

40 trix (A) auf Eins normiert werden, daB der Wert 

einer n-ten Potenz von Zwei ausgeklammert 
wird, und daB die zweite Matrix (L) mit der 
ersten Matrix (A) digital multipiiziert wird. in- 
dem digitale Worte mit einer Anzahl von Bits, 

45 die kleiner als n ist, verwendet werden. 

6. Verfahren nach Anspruch 5 f dadurch gekenn- 
zeichnet, daB ein Offsetwert (H) mit der ersten 
Matrix (A) gewichtet wird, die auf Eins normier- 

50 te diagonale Hauptkoeffizienten (an, 822,833) 

aufweist, um eine sechste Matrix (COR) von 
s Korrekturwerten (COR1.COR2.COR3) zu gene- 
rieren, wobei die Korrekturwerte 
(COR1.COR2.COR3) von den gewichteten Si- 

55 gnalen (S1.S2.S3) abgezogen werden und wo- 

bei die gewichteten Signale von Impulsfolgen 
(23), die den Offsetwert (H) aufweisen, gene- 
riert wurden. 
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7. Verfahren nach einem der AnsprUche 1 bis 6, 
gekennzeichnet durch eine Mehrzahl von Licht 
aussendenden Elementen (3), die in Zeitab- 
stSnden erste gepulste Lichtstrahlen (6) unter- 
schiedlicher Wellenlange (X) auf ein mit Blut 5 
versorgtes menschliches Gewebe (9) aussen- 
den, wobei zweite Lichtstrahlen (8), die das 
Gewebe (9) passiert haben, auf ein Licht emp- 
fangendes Element (4) gefOhrt werden und das 
Licht empfangende Element (4) das gemulti- io 
plexte Signal generiert. 



Revendications 

1. Procede de traitement de signaux (20), en 75 
particulier pour des mesures d'oxymetrie sur 
un tissu humain vivant (7), dans lequel des 
signaux parasites (22) sont supprim£s par rap- 
port a des signaux d'information (21), et dans 
lequel : 20 

(1.1) iesdits signaux parasites (22) sont si- 
tu6s dans une premiere plage de frequen- 
ces (36), 

(1.2) Iesdits signaux d'information (21) sont 

des signaux multiplexes incluant des trains 25 
d'impulsions (23') situ6s dans une deuxfe- 
me plage de frequences (33) qui est plus 
haute que ladite premiere plage de frequen- 
ces (36), 

(1.3) Iesdits signaux (20) sont conduits par 30 
rinterm£diaire d'un filtre passe-haut (14) 
pr£sentant essentiellement une caracteristi- 

que de blocage dans ladite premiere plage 
de frequences (36) et presentant essentiel- 
lement une caracteristique de transmission 35 
dans ladite deuxfeme plage de frequences 
(33), 

(1.4) le traitement d'un signal de sortie dudit 
filtre passe-haut (14) etant encore poursuivi, 
caracterise par les etapes consistant a 40 

(1 .5) determiner une premiere matrice car- 
ree (A) qui represente recart inverse, par 
rapport a une caracteristique ideale de tran- 
smission, de la reponse de frequence dudit 
filtre passe-haut (14) dans ladite deuxfeme 45 
plage de frequence (33), 

(1.5.1) le nombre de lignes et de colon- 
nes de ladite premiere matrice carree (A) 
etant egal au nombre d'impulsions des- 
dits trains d'impulsions (23*), 50 

(1 .6) representor iedit signal de sortie sous 
la forme d'une deuxfeme matrice (L) d'am- 
plitudes (Li, U. U) d'impulsions de trains 
d'impulsions (23b) apparaissant a la sortie 
dudit filtre passe-haut (14), 55 

(1.7) multiplier I'une par I'autre ladite pre- 
miere (A) et la deuxidme (L) matrices pour 
engendrer une troisidme matrice (S) d'am- 



plitudes (Si, S2, S3) d'impulsions de trains 
d'impulsions (23a) d'un signal ponder de 
sortie. 

2. Procede selon la revendication 1, caracterise, 
dans la determination des coefficients (a Jk ) de 
ladite premiere matrice carree (A), en ce qu'un 
certain nombre de trains d'impulsions d'essais 
(50, 51, 52) d'une premiere amplitude prede- 
terminee est amene audit filtre passe-haut 
(14), Iedit nombre de trains d'impulsions (50, 
51 , 52) ainsi que le nombre d'impulsions d'es- 
sais (50a a 50c; 51a a 51c; 52a a 52c) de 
chacun desdits trains d'impulsions d'essais 
(50, 51, 52) correspondant audit nombre de 
lignes et de colonnes de ladite premiere matri- 
ce (A), des deuxfemes amplitudes d'impulsions 
apparaissant a la sortie dudit filtre passe-haut 
(14) en reponse auxdites impulsions d'essais 
(50a a 50c; 51a a 51c; 52a a 52c) etant 
mesurees, et Iesdits coefficients (a, k ) etant de- 
termines en divisant une quatridme matrice, 
definie a partir desdites premieres amplitudes, 
par une cinquifcme matrice definie a partir des- 
dites deuxfemes amplitudes. 

3. Le procede selon la revendication 2, caracteri- 
se en ce que Iesdits trains d'impulsions d'es- 
sais (50, 51, 52) presentent chacun une impul- 
sion (50a, 51b. 52c) a premiere amplitude eie- 
vee, les premieres amplitudes des autres im- 
pulsions (50b, 50c, 51a, 51c, 52a, 52b) etant 
faibles. 

4. Le procede selon I'une quelconque des reven- 
dications 1 a 3, caracterise en ce que les 
coefficients diagonaux principaux (an, 822, 
a33) de ladite premiere matrice (A) sont dimi- 
nues d'une unite, que la valeur d'une n-teme 
puissance de deux est enlevee de la parenth&- 
se, et que ladite deuxifeme matrice (L) est 
multiple numeriquement par ladite premiere 
matrice (A) en utilisant des mots numeriques 
dont le nombre de bits est plus petit que n. 

5. Le procede selon I'une quelconque des reven- 
dications 1 a 3, caracterise en ce que les 
coefficients diagonaux principaux (an, a22, 
a3a) de ladite premiere matrice (A) sont stan- 
dardises a I'unite, que la valeur de n-i&me 
puissance de deux est enlevee de la parenthS- 
se, et que ladite deuxifcme matrice (L) est 
multiple numeriquement par ladite premiere 
matrice (A) en utilisant des mots digitaux dont 
le nombre de bits est plus petit que n. 

6. Le procede selon la revendication 5 caracterise 
en ce qu'une valeur de decalage (H) est pon- 
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d§r§e par ladite premiere matrice (A), dont les 
coefficients diagonaux principaux (an, a22, 
a3a) ont ete standardises a I'unite, afin d'en- 
gendrer une sixieme matrice (COR) de valeurs 
de correction (CORi, COR2 COR3), lesdites 5 
valeurs de correction (COR1, COR2, COR 3 ) 
etant soustraites desdits signaux pondered (St , 
S 2 , Sa) engendr^s a partir de trains d'impul- 
sions prdsentant ladite valeur de d£calage (H). 

70 

Le proc^de* selon Tune quelconque des reven- 
dications 1 a 6, caracterise en ce qu'une serie 
d'£l6ments £metteurs lumineux (3) envoie, se- 
lon une relation espacee dans le temps, des 
premiers faisceaux pulsus de lumieres de Ion- 75 
gueurs diffeVentes (\) sur un tissu humain vi- 
vant (9) alimente en sang, des deuxiemes fais- 
ceaux lumineux (8) qui ont traverse ledit tissu 
(9) etant guides sur un element recepteur de 
lumiere (4), ledit element recepteur de lumiere 20 
(4) engendrant ledit signal multiplexe. 
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S 1 = Q 11 L 1 * 012 L 2 * Q 13 L 3 

s 2 = Q 21 L 1 ♦ Q 22 L 2 * a 23 L 3 
S 3 = Q3! L! ♦ Q3 2 L 2 ♦ 033 L 3 
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S = A *I 



A = 



Q11 °12 Q13 
°21 °22 °23 
°31 Q32 °33 / 
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S2 
I S3 
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s 3x3 = A 3x3 * L 3x3 
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5 1 = L 1 * °12 L 2 ♦ Q 13 L 3 = L 1 - tt]2 l 2 * Ci 3 L 3 )/256-8 

5 2 = L 2 ♦ 02! L! ♦ a$ 3 l 3 = L 2 ♦ (C^^ - C 23 L 3 )/256-8 
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COR] = ( 1 ♦ Q ^ 2 ♦ )H 
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